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(57) ABSTRACT 

The method of ejecting microdroplets of ink includes a ?rst 
step for generating one ink column on the outside of the 
noZZle and for separating a tip end of the one ink column from 
a remaining part of the one ink column to form a microdroplet 
of ink on the outside of one noZZle, and a second step for 
controlling an ink Volume Velocity in the ink pressure cham 
ber that is connected to the noZZle to generate another ink 
column and to push the another ink column out of the noZZle, 
thereby causing the another ink column to overtake and 
merge With the remaining part of the one ink column and to 
return into the noZZle While pulling the remaining part of the 
one ink column back into the noZZle. 

12 Claims, 12 Drawing Sheets 
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METHOD OF EJECTING MICRODROPLETS 
OF INK 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of ejecting 
microdroplets of ink, and a particularly to such a method 
employed in an inkj et head driving method for applying pres 
sure to ink in ink pressure chambers to eject microdroplets of 
ink from noZZles in communication With the ink pressure 
chambers. 
A drop-on-demand inkjet technology Well knoWn in the art 

ejects ink droplets by applying a drive voltage Waveform to 
pieZoelectric elements. Inkjet printers employing this method 
render diverse colors on a recording medium by forming 
clusters of dots in a limited number of ink colors on the 
recording medium. Consequently, images formed by these 
types of inkjet printers tend to be particularly grainy in the 
highlights. Studies have been conducted on reducing the siZe 
of the ejected ink droplets in order to reduce the siZe of the 
dots formed on the recording medium and obtain higher 
image quality With no graininess. 

Further, there have been studies conducted in recent years 
on using inkj et technology to form integrated circuits through 
patterning With conductive ink and to form a variety of thin 
?lms. Producing smaller ink droplets is also expected to be 
useful for forming high-density interconnects and uniform 
ultrathin ?lms. 

Certainly the siZe of ejected ink droplets can be easily 
reduced by reducing the diameter of the noZZles. HoWever, 
high accuracy of the noZZles resulting from reducing the 
nozzle diameter leads to higher production costs. Further, the 
smaller noZZle openings become clogged more easily With 
foreign matter and ink deposits, leading to ejection problems. 

HoWever, one method enables the ejection of ink droplets 
that are smaller than the noZZle diameter by controlling oscil 
lations of the ink surface in the noZZle opening (hereinafter 
referred to as the “meniscus”). 

Japanese Patent Application Publication No. HEI-4-36071 
discloses a method of ejecting small ink droplets by rapidly 
draWing in and holding the meniscus, causing the ink to 
rebound in the center of the meniscus and form a small ink 
droplet that is ejected therefrom. Japanese Patent No. 3,491, 
187 discloses a method of ejecting small ink droplets by 
draWing the meniscus far into the noZZle and subsequently 
contracting the chamber to generate and eject a narroW col 
umn of ink from only the center of the meniscus. Japanese 
Patent Application Publication No. 2000-141642 and Japa 
nese Patent No. 3,159,188 disclose a method of reducing the 
siZe of ejected ink droplets by ?rst draWing in the meniscus 
and then contracting the pressure chamber to form an ink 
column on the outside of the noZZle, and subsequently draW 
ing in the meniscus again to reduce the volume of ejected ink. 

SUMMARY OF THE INVENTION 

In order to eject ink droplets at a mean velocity of at least 
5 m/ s in the methods described above, the velocity required 
for ensuring a stable trajectory over a distance of about 1 mm, 
the volume of the ink droplets must be at least about 1 
picoliter (pl) for a noZZle diameter of about 30 um. HoWever, 
industrial applications for inkj et technology, such as the for 
mation of high-density interconnects using conductive ink, 
require even smaller ink droplets. 

In vieW of the foregoing, it is an object of the present 
invention to provide a method of ej ecting microdroplets of ink 
on a sub-picoliter order using inkjet technology. 
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2 
This and other objects of the invention Will be attained by 

a method of ejecting microdroplets of ink by driving an inkjet 
head. The inkj et head includes a plate and a pressure gener 
ating member. The plate is formed With a plurality of noZZles 
for ejecting ink droplets and a plurality of pressure chambers 
in ?uid communication With the plurality of noZZles, respec 
tively. The plate has an outside surface, on Which the noZZle is 
opened. The pres sure generating member applies pressure to 
ink in each ink pressure chamber in response to electric sig 
nals applied to the pressure generating member. The method 
includes a ?rst step for generating one ink column on the 
outside of the noZZle and for separating a tip end of the one ink 
column from a remaining part of the one ink column to form 
a microdroplet of ink on the outside of one noZZle, and a 
second step for controlling an ink volume velocity in the ink 
pressure chamber that is connected to the noZZle to generate 
another ink column and to push the another ink column out of 
the noZZle, thereby causing the another ink column to over 
take and merge With the remaining part of the one ink column 
and to return into the noZZle While pulling the remaining part 
of the one ink column back into the noZZle. 

In another aspect of the invention, there is provided an ink 
jet head including a plate, a pressure generating member, and 
a controller. The plate is formed With a plurality of noZZles for 
ejecting ink droplets and a plurality of pressure chambers in 
?uid communication With the plurality of noZZles, respec 
tively. The plate has an outside surface, on Which the noZZles 
are opened. The pres sure generating member for applying 
pressure to ink in each ink pressure chamber in response to 
electric signals applied to the pressure generating member. 
The controller controls ejecting of microdoplets of ink 

from the noZZles, the ejecting microdroplets of ink including: 
a ?rst step for generating one ink column on the outside of the 
noZZle and for separating a tip end of the one ink column from 
a remaining part of the one ink column to form a microdroplet 
of ink on the outside of one noZZle; and a second step for 
controlling an ink volume velocity in the ink pressure cham 
ber that is connected to the noZZle to generate another ink 
column and to push the another ink column out of the noZZle, 
thereby causing the another ink column to overtake and 
merge With the remaining part of the one ink column and to 
return into the noZZle While pulling the remaining part of the 
one ink column back into the noZZle. 

In another aspect of the invention, there is provided a 
method of ejecting microdroplets of ink by driving an inkjet 
head. The ink head includes a plate and a pressure generating 
member. The plate is formed With a plurality of noZZles for 
ejecting ink droplets and a plurality of pressure chambers in 
?uid communication With the plurality of noZZles, respec 
tively. The pressure generating member is adapted for apply 
ing pressure to ink in each ink pressure chamber in response 
to driving voltage applied to the pressure generating member. 
The plate has an outside surface, on Which the noZZles are 
opened. 
The method includes decreasing the driving voltage to 

rapidly draW in a meniscus of the ink into the noZZle; main 
taining the driving voltage at a constant value for a period of 
time, thereby alloWing the meniscus to rebound and generate 
one ink column; decreasing the driving voltage to reduce 
volume of the one ink column; maintaining the driving volt 
age at another constant value for another period of time to 
separate a tip end of the one ink column from a remaining part 
of the one ink column to form a microdroplet of ink; and 
increasing the driving voltage to generate another ink column 
to push the another ink column out of the noZZle to cause the 
another ink column to overtake and merge With the remaining 
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part of the one ink column and pull the remaining part of the 
one ink column into the noZZle. 

In another aspect of the invention, there is provided a 
method of ejecting microdroplets of ink by driving an inkjet 
head. The ink jet head includes a plate and a pressure gener 
ating member. The plate is formed With a plurality of noZZles 
for ejecting ink droplets and a plurality of pressure chambers 
in ?uid communication With the plurality of noZZles, respec 
tively. The plate has an outside surface, on Which the noZZles 
are opened. The pres sure generating member applies pres sure 
to ink in each ink pressure chamber in response to driving 
voltage applied to the pressure generating member. 

The method includes: decreasing the driving voltage to 
draW in a meniscus of the ink into the noZZle; maintaining the 
driving voltage at a constant value for a period of time; 
increasing the driving voltage to push out the meniscus to 
generate one ink column; maintaining the driving voltage at 
another constant value for another period of time; decreasing 
the driving voltage to draW in the meniscus of the ink into the 
noZZle to reduce volume of the ink column and to separate a 
tip end of the one ink column from a remaining part of the one 
ink column to form a microdroplet of ink; maintaining the 
driving voltage at another constant value for another period of 
time; and increasing the driving voltage to generate another 
ink column to push the another ink column out of the noZZle 
to cause the another ink column to overtake and merge With 
the remaining part of the one ink column and pull the remain 
ing part of the one ink column into the noZZle. 

In another aspect of the invention, there is provided a 
method of ejecting microdroplets of ink by driving an inkjet 
head. The ink jet head includes a plate and a pressure gener 
ating member. The plate is formed With a plurality of nozzles 
for ejecting ink droplets and a plurality of pressure chambers 
in ?uid communication With the plurality of noZZles, respec 
tively. The plate has an outside surface, on Which the noZZles 
are opened. The pres sure generating member applies pres sure 
to ink in each ink pressure chamber in response to driving 
voltage applied to the pressure generating member. 

The method includes: decreasing the driving voltage to 
draW in a meniscus into the noZZle; maintaining the driving 
voltage to a constant value for a period of time; increasing the 
driving voltage to push out the meniscus to generate one ink 
column and to separate a tip end of the one ink column from 
a remaining part of the one ink column to form a microdroplet 
of ink; maintaining the driving voltage to another constant 
value for another period of time; and increasing the driving 
voltage to generate another ink column to push the another 
ink column out of the noZZle to cause the another ink column 
to overtake and merge With the remaining part of the one ink 
column and pull the remaining part of the one ink column into 
the noZZle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1A is a block diagram of an inkjet recording device 

including an inkj et head applying a method of ej ecting micro 
droplets of ink according to a preferred embodiment of the 
present invention. 

FIG. 1B is a partially cut out perspective vieW of an inkjet 
head applying a method of ejecting microdroplets of ink 
according to a preferred embodiment of the present invention; 

FIG. 2 is a graph shoWing a drive voltage Waveform applied 
to a positive electrode of a pieZoelectric element in the con 
ventional method of ejecting microdroplets of ink; 

FIG. 3 is an explanatory diagram shoWing the result of ink 
droplet ejection When a drive voltage Waveform shoWn in 
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4 
FIG. 2 is applied to the positive electrode of the pieZoelectric 
element in a conventional method of ejecting ink droplets; 

FIG. 4 is a graph shoWing a drive voltage Waveform applied 
to a positive electrode of a pieZoelectric element in the 
method of ejecting microdroplets of ink according to a ?rst 
embodiment; 

FIG. 5A is an explanatory diagram shoWing the result of 
ink droplet ejection When drive voltage Waveforms shoWn in 
FIG. 2 is applied to the positive electrode of the pieZoelectric 
element in the method of ejecting microdroplets of ink 
according to the ?rst through third embodiments of the 
present invention; 

FIG. 5B is an explanatory diagram shoWing the result of 
ink droplet ejection When drive voltage Waveforms shoWn in 
FIGS. 8 and 10 are applied to the positive electrode of the 
pieZoelectric element in the method of ej ecting microdroplets 
of ink according to the ?rst through third embodiments of the 
present invention; 

FIG. 6A is an explanatory diagram shoWing another result 
of ink droplet ejection When drive voltage Waveforms shoWn 
in FIG. 2 is applied to the positive electrode of the pieZoelec 
tric element in the method of ejecting microdroplets of ink 
according to the ?rst through third embodiments of the 
present invention; 

FIG. 6B is an explanatory diagram shoWing another result 
of ink droplet ejection When drive voltage Waveforms shoWn 
in FIGS. 8 and 10 are applied to the positive electrode of the 
pieZoelectric element in the method of ej ecting microdroplets 
of ink according to the ?rst through third embodiments of the 
present invention; 

FIG. 7 is a graph shoWing an example region for appropri 
ate drive voltage and time settings in the method of ejecting 
microdroplets of ink according to the ?rst and third embodi 
ments; 

FIG. 8 is a graph shoWing a drive voltage Waveform applied 
to a positive electrode of a pieZoelectric element in the 
method of ejecting microdroplets of ink according to a second 
embodiment; 

FIG. 9 is a graph shoWing an example region for appropri 
ate drive voltage and time settings in the method of ejecting 
microdroplets of ink according to the second embodiment; 

FIG. 10 is a graph shoWing a drive voltage Waveform 
applied to a positive electrode of a pieZoelectric element in 
the method of ejecting microdroplets of ink according to a 
third embodiment; 

FIG. 11 is an explanatory diagram illustrating the behavior 
of ink in a method of ejecting microdroplets of ink according 
to a fourth embodiment of the present invention When ink 
pools adhere around the noZZles; 

FIG. 12 is an explanatory diagram illustrating the behavior 
of ink in the method of ejecting microdroplets of ink accord 
ing to the fourth embodiment of the present invention When 
ink pools do not adhere around the noZZles; 

FIG. 13 is a cross sectional vieW shoWing a variation of the 
structure around the noZZle in the method of ejecting micro 
droplets of ink according to the fourth embodiment; and 

FIG. 14 is a perspective vieW of a cross section shoWing a 
variation of the structure around the noZZle in the method of 
ejecting microdroplets of ink according to the fourth embodi 
ment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A method of ejecting microdroplets of ink according to 
preferred embodiments of the present invention Will be 
described While referring to the accompanying draWings. 
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FIG. 1A is a block diagram of an inkjet recording device 30 
including an inkj et head 1 applying a method of ejecting 
microdroplets of ink according to a preferred embodiment of 
the present invention. The inkj et recording device 30 includes 
a printing controller 31 and a print head 32. 

The printing controller 31 has a ROM 33 and a drive 
voltage generating circuit 34. The ROM stores programs for 
controlling the drive voltage generating circuit 34 and the 
print head 32. The print head 32 has the inkjet head 1 and a 
drive noZZle selection circuit 35. 

FIG. 1B is a partially cut out perspective vieW of the inkjet 
head 1 applying a method of ejecting microdroplets of ink. 
The inkjet head 1 includes a noZZle plate 13, an ink channel 
forming section 11, an elastic ?lm 21, and a support plate 23 
that are all laminated and ?xed together. The inkj et head 1 
also includes a pieZoelectric actuator 24. 
A plurality of noZZles 14 for ejecting ink droplets is formed 

in the noZZle plate 13. The noZZles 14 are arranged in a roW at 
intervals of 1/100 of an inch. The ink channel forming section 
11 has ink pressure chambers 12, restrictors 15, and a com 
mon ink channel 16 formed therein. One end of the ink 
pressure chambers 12 is in communication With respective 
noZZles 14, While the other end is in ?uid communication With 
respective restrictors 15. The restrictors 15 suppress a drop in 
pressure applied to the ink in the ink pressure chambers 12 by 
pieZoelectric elements 17 described later. The cross-sectional 
area of the ink channel formed in the restrictors 15 is smaller 
than that of the ink channel formed in the ink pressure cham 
bers 12. The restrictors 15 are also in ?uid communication 
With the common ink channel 16. Cutout portions are formed 
in the support plate 23 in areas opposing the ink pressure 
chambers 12 via the elastic ?lm 21 to expose the elastic ?lm 
21 from the support plate 23. 

The pieZoelectric actuator 24 includes the pieZoelectric 
elements 17 formed of laminated conductive material and 
pieZoelectric material, pieZoelectric element support member 
18, a positive electrode 19, and negative electrodes 20. Each 
pieZoelectric element 17 is ?xed to the pieZoelectric element 
support member 18, With an end of the pieZoelectric element 
17 connected to the elastic ?lm 21 exposed through the sup 
port plate 23. The pieZoelectric element 17 generates pressure 
to the ink in the ink pressure chambers 12 through displace 
ment according to the d33 direction of the pieZoelectric ele 
ment 17. If the voltage applied to the positive electrode 19 
drops, causing electrical discharge, the pieZoelectric element 
17 contracts to reduce the pressure in the ink pressure cham 
ber 12. If the voltage applied to the positive electrode 19 
increases, generating electrical charge, the pieZoelectric ele 
ment 17 expands to increase the pressure of the ink pressure 
chamber 12. 

The positive electrode 19 is a common electrode to all 
pieZoelectric elements 17 disposed on one side surface of the 
support member 18 and connected to the drive voltage gen 
erating circuit 34 (FIG. 1A). The negative electrodes 20 are 
individual electrodes corresponding to each individual pieZo 
electric element 17 and are disposed on the opposite side 
surface of the support member 18 and are grounded through 
the drive noZZle selection circuit 35. As shoWn in FIG. 1A, 
since diodes 35A are arranged on the drive noZZle selection 
circuit 35 in parallel to drive noZZle selection sWitches 35B 
for ?oWing an electric current toWard a ground, the pieZoelec 
tric elements 17 are charged regardless of the drive noZZle 
selection state. A drive voltage Waveform stored in the drive 
voltage generating circuit 34 is applied to the positive elec 
trode 19 of the pieZoelectric element 17. A printing data is 
output to the drive noZZle selection circuit 35 from the drive 
voltage generating circuit 34. 
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The elastic ?lm 21 forms one Wall of the ink pressure 

chambers 12. Hence, When the elastic ?lm 21 deforms due to 
expansion and contraction of the pieZoelectric elements 17, 
the volume in the corresponding ink pressure chambers 12 
changes. The support plate 23 and the ink channel forming 
section 11 are ?xed to a housing (not shoWn) so that there is 
almost no relative movement among these components. 

With this construction, ink supplied from an ink bottle (not 
shoWn) passes through the common ink channel 16, restric 
tors 15, and ink pressure chambers 12 and is supplied to the 
noZZles 14. The elastic ?lm 21 oscillates in response to sig 
nals that the positive and negative electrodes 19 and 20 apply 
to the pieZoelectric elements 17, causing the corresponding 
ink pressure chambers 12 to compress. When one of the ink 
pressure chambers 12 compresses, an ink droplet 22 is ejected 
from the corresponding noZZle 14. 

Next, principles for ejecting ink droplets from the inkjet 
head Will be described. 

Through the drive noZZle selection circuit 35 connected to 
the negative electrodes 20 of each pieZoelectric element 17, 
the negative electrodes 20 connected to noZZles ejecting ink 
droplets are grounded, While the pieZoelectric elements 17 are 
charged and discharged by voltage applied to the positive 
electrode 19. The pieZoelectric elements 17 that are not 
grounded are not discharged. A DC voltage is applied to the 
positive electrode 19, charging the pieZoelectric element 17, 
before ejecting ink droplets from the noZZles 14, so that the 
pieZoelectric element 17 expands in the laminated direction 
and pushes the elastic ?lm 21 into the ink pressure chamber 
12. When ejecting ink droplets from the noZZles 14 by the 
pieZoelectric elements 17, the voltage applied to the positive 
electrode 19 is reduced, causing the grounded piezoelectric 
element 17 to discharge and contract in the laminated direc 
tion. Accordingly, the elastic ?lm 21 is pulled aWay from the 
ink pressure chamber 12, reducing the pressure in the ink 
pressure chamber 12 and alloWing ink from the common ink 
channel 16 to ?oW into the ink pressure chamber 12 through 
the restrictor 15. Next, the voltage applied to the positive 
electrode 19 is increased so that the grounded discharged 
pieZoelectric element 17 is charged. The charged pieZoelec 
tric element 17 expands in the laminated direction and again 
pushes the elastic ?lm 21 into the ink pressure chamber 12, 
adding pressure to the ink in the ink pres sure chamber 12. The 
ink is pushed out through the noZZle 14 in communication 
With the ink pressure chamber 12 as the ink droplet 22. 
The inkjet head 1 is designed so that the ?oW resistance in 

the noZZle 14 is greater than that in the restrictor 15 and the 
inertance (inertia component in the ?uid) in the noZZle 14 is 
smaller than that in the restrictor 15. Accordingly, in the 
decompression process of the ink pressure chamber 12, the 
pieZoelectric element 17 is contracted to reduce the volume 
acceleration (rate of change) of ?uid in the ink pressure cham 
ber 12. When the volume in the ink pressure chamber 12 is 
changed sloWly, ?oW resistance is dominant. Therefore, ink is 
more likely to ?oW into the ink pressure chamber 12 from the 
restrictor 15 having a relatively loW ?oW resistance than is air 
to be draWn in from outside the noZZle 14. In contrast, in the 
compression process of the ink pressure chamber 12, the 
pieZoelectric element 17 is expanded to increase the volume 
acceleration (rate of change) of ?uid in the ink pressure cham 
ber 12. When the volume in the ink pressure chamber 12 is 
changed rapidly, inertance is dominant. Therefore, an ink 
droplet is more likely to be ejected from the noZZle 14 having 
loW inertance than is ink to return from the restrictor 15 to the 
common ink channel 16. Further, the noZZle 14 is formed so 
that the diameter of the noZZle 14 is Wider on the ink pressure 
chamber 12 side than on the outer side through Which the ink 
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droplet 22 is ejected. Accordingly, the surface tension in a 
meniscus is greater during the decompression process than 
the compression process, making it more dif?cult for air to be 
draWn in during the decompression process and easier for ink 
droplets to be ejected during the compression process. 

If the drive voltage applied to the positive electrode 19 of 
the pieZoelectric element 17 is made to rise and fall in a 
shorter time or to ?uctuate greatly at a time, the volume 
velocity of ink in the ink pressure chamber 12 increases, 
thereby increasing the ejected velocity of the ink droplet. 
When the drive voltage applied to the positive electrode 19 is 
made to rise and fall over a longer time or to ?uctuate less at 
a time, the volume velocity of the ink decreases, thereby 
decreasing the ejected velocity of the ink droplet. Hence, the 
volume velocity of ink in the ink pressure chamber 12 can be 
controlled through the drive voltage Waveform applied to the 
positive electrode 19 of the pieZoelectric element 17. 

FIG. 2 is a graph shoWing a drive voltage Waveform studied 
by the inventors of the present invention to be applied to the 
positive electrode 19 of the pieZoelectric element 17 for eject 
ing a small ink droplet. Steps A through E account for a ?rst 
stage and steps F and G account for a second stage. In the ?rst 
stage, the meniscus is draWn into the noZZle 14 in step A, the 
voltage is maintained for a ?xed period of time in step B, and 
the meniscus is pushed outWard in step C to generate an ink 
column. Once again the voltage is maintained for a ?xed 
period of time in step D, and the meniscus is draWn into the 
noZZle in step E to reduce the volume of the ink column being 
ejected, forming a microcolumn of ink, and to eject a small 
ink droplet. In the second stage, the voltage is maintained for 
a ?xed period in step F and is raised from a voltage loWer than 
that in step E to the original voltage in step G. 

FIG. 3 shoWs the result of the ink droplet ejection When 
applying the drive voltage Waveform shoWn in FIG. 2 to the 
positive electrode 19 of the pieZoelectric element 17. Timing 
(2) of FIG. 3 shoWs the microcolumn 40 of ink generated in 
the ?rst stage in FIG. 2. As shoWn in timing (3) of FIG. 3, after 
some time elapses, the tip end of the column 40 begins to 
separate into a microdroplet 41 of ink, and the microdroplet 
41 begins to move aWay from the column 40. HoWever, as 
shoWn in timings (4) and (5) of FIG. 3, the remaining ink 
column on the noZZle side of the microdroplet also begins to 
move aWay from the noZZle as a small ink droplet or as a small 
droplet 42 and a microdroplet 43 of ink. The plurality of 
ejected ink droplets impact the recording medium at substan 
tially the same position to form a small dot. 

Step G in FIG. 2 is con?gured to prevent a large amount of 
ink from being pushed out of the noZZle, by increasing the 
time Gt or decreasing the voltage Gv. Step G is executed at a 
timing for producing an oscillation of opposite phase to 
residual oscillations produced in the ?rst stage in order to 
cancel these residual oscillations. This process restrains oscil 
lation in the meniscus to prevent the generation of a large ink 
column in the second stage of the conventional method for 
merging With the previously generated ink column or ink 
droplet and returning the ink column or ink droplet into the 
noZZle. 

First Embodiment 

Next, a method of ejecting microdroplets of ink according 
to ?rst embodiment of the present invention Will be described. 
FIG. 4 shoWs a graph of a drive voltage Waveform applied to 
the positive electrode 19 of the pieZoelectric element 17 
according to a ?rst embodiment of the present invention. The 
?rst embodiment includes a ?rst stage made up of either step 
A and B or steps A through C, and a second stage made up of 
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steps D and E. The ?rst stage is for forming a microdroplet of 
ink on the outside of the noZZle 14. The second stage is for 
controlling the ink volume velocity in the ink pres sure cham 
bers 12 to generate an ink column. In the ?rst stage, the 
meniscus is rapidly draWn into the noZZle 14 in step A, and a 
microcolumn of ink is generated in step B by no longer 
draWing in the meniscus, alloWing the meniscus to rebound. 
In step C the voltage is reduced far enough to obtain a poten 
tial difference required for step E and the meniscus is again 
draWn into the noZZle 14 to reduce volume of the microcol 
umn of ink (timing (2') of FIG. 5A and timing (3') of FIG. 6A). 
By setting the time Bt of step B to about 0.5-4 us in order to 
generate a thinner microcolumn of ink through step C of the 
?rst stage, it is possible to reduce the amount of ink in the ink 
column to be ejected. In the second stage, the voltage is held 
for a ?xed length of time in step D, and the ink column is 
pushed out of and returned into the noZZle in step E. 

FIG. 5A shoWs a result of the ink droplet ejection When 
applying the drive voltage Waveform shoWn in FIG. 4 to the 
positive electrode 19 of the pieZoelectric element 17. Timings 
(2') of FIG. 5A shoWs the ink microcolumn generated in the 
?rst stage of the ?rst embodiment. As time elapses, the tip end 
of the microcolumn separates into a microdroplet 80 of ink, 
Which begins to move aWay from the column, as shoWn in 
timing (3) of FIG. 5A. This is because the surface area per unit 
volume is large, so the ink column 81 is more likely to form a 
ball, enabling the microdroplet 80 of ink to separate from the 
head of the ink column. At this time, the ink column 81 
positioned on the noZZle side of the microdroplet 80 of ink has 
a tendency to form into a small ink droplet or a plurality of ink 
droplets including small and microdroplets of ink moving 
aWay from the noZZle. HoWever, an ink column 82 generated 
in the second stage of the embodiment overtakes the ink 
column 81 or ink droplets on the noZZle side of the initial 
microdroplet 80, as shoWn in timing (4) of FIG. 5A, and 
draWs the ink column 81 or ink droplets back into the noZZle, 
as shoWn in timing (5) of FIG. 5A. In this Way, it is possible 
to eject only the microdroplet 80 of ink separated from the tip 
end of the microcolumn of ink, as shoWn in timing (6) of FIG. 
5A. 

FIG. 6A shoWs another result of the ink due to the ink 
properties (viscosity, surface tension, etc.) When applying the 
drive voltage Waveform shoWn in FIG. 4 to the positive elec 
trode 19 of the pieZoelectric element 17. Speci?cally, the ?rst 
stage produces a microcolumn 90 of ink, as shoWn in timing 
(3') of FIG. 6A. After more time elapses, the head of the 
microcolumn 90 separates into a microdroplet 91 of ink, as 
shoWn in timing (4) of FIG. 6A, that begins to move aWay 
from the microcolumn 90, as shoWn in (5) of FIG. 6A. An ink 
column 92 noW remaining on the noZZle 14 side of the micro 
droplet 91 begins to form a small ink droplet or a plurality of 
ink droplets, including a small ink droplet 93 and a micro 
droplet 94, for example, that begin to move aWay from the 
noZZle 14, as shoWn in timing (6) of FIG. 6A. HoWever, an ink 
column 95 generated in the second stage emerges from the 
noZZle 14 and overtakes and merges With the ink droplet 93 
and microdroplet 94 positioned on the noZZle side of the ?rst 
microdroplet 91, as illustrated in timings (7) and (8) of FIG. 
6A. By draWing the merged ink back into the noZZle, as shoWn 
in timing (9) of FIG. 6A, only the microdroplet 91 of ink 
separated from the head of the microcolumn is alloWed to be 
ejected, as shoWn in timing (10) of FIG. 6A. 

In both cases shoWn in FIGS. 5A and 6A, step C of FIG. 4 
also functions to ensure the position of the microdroplets 80 
and 91 separated from the head of the microcolumns 82 and 
95 are near the noZZle 14 so that the ink columns 82 and 95 
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generated in the second stage can easily merge With ink 
droplets attempting to folloW the initial microdroplets 80 and 
91. 
By increasing the time Dt for step D to delay the time for 

generating the ink columns 82 and 95 in the second stage or 
by increasing the time Et and reducing the voltage Ev of step 
E to sloW the volume velocity of the ink columns 82 and 95 
generated in the second stage, it is possible to prevent the ink 
columns 82 and 95 from taking over the microdroplets 80 and 
91 of ink separated from the tip end of the microcolumn 
generated in the ?rst stage. Further, by reducing the time Dt to 
speed up the timing at Which the ink columns 82 and 95 is 
generated in the second stage or by shortening the time Et and 
increasing the voltage Ev to speed up the volume velocity of 
the ink columns 82 and 95, the ink columns 82 and 95 can 
overtake and merge With the ink column or ink droplets posi 
tioned on the noZZle side of the initial microdroplets 80 and 91 
of ink separated from the tip end of the microcolumn gener 
ated in the ?rst stage and draW this ink column or these ink 
droplets back into the noZZle. The ?rst embodiment described 
above is achieved by setting the time Dt, time Et, and voltage 
Ev to satisfy both of these conditions. 

The graph in FIG. 7 shoWs the relationship betWeen the 
time Et and voltage Ev of step E in FIG. 2. If the time Et is too 
long and/or the voltage Ev is too small (in region I), the ink 
columns 82 and 95 generated in the second stage cannot catch 
up to the ink column or ink droplets attempting to folloW the 
microdroplet of ink formed in the ?rst stage and cannot return 
this ink column or these ink droplets to the noZZle. Conse 
quently, the ink column or ink droplets attempting to folloW 
the microdroplet formed in the ?rst stage continue to be 
ejected as small ink droplets. On the other hand, if the time Et 
is too short and/or the voltage Ev is too large (in region II), the 
ink columns 82 and 95 generated in the second stage is either 
ejected as a large ink droplet or catches and merges With the 
tip end of the microcolumn generated in the ?rst stage and 
brings the tip back into the noZZle, resulting in no ink droplets 
being ejected. 

The shaded region III in FIG. 7 indicates the suitable region 
of the ?rst embodiment. By appropriately setting the time Et 
and voltage Ev in step E, the tip end of the microcolumn of ink 
generated in the ?rst stage separates as microdroplets 80 and 
91, and the ink columns 82 and 95 generated in the second 
stage catches and merges With the ink column or ink droplets 
on the noZZle side of the initial ink droplets 80 and 91 and 
bring this ink column or these ink droplets back into the 
noZZle, thereby achieving the ejection of microdroplets 80 
and 91 of ink. With this method, high-density interconnects 
can be formed on a circuit board With conductive ink. Further, 
since the ejection principles of microdroplets of ink accord 
ing to the preferred embodiment does not affect the natural 
frequency period of the ink pressure chambers 12, an inkjet 
head having large capacity ink pressure chambers 12 With a 
long natural frequency period that is suitable for ejecting 
large ink droplets can also eject microdroplets of ink. Hence, 
a single print head can eject ink droplets of different siZes 
more than 100 times different in volume. 

The suitable region III shoWn in FIG. 7 Will drop loWer in 
the graph if the time Dt of step D is decreased, and higher in 
the graph if the time Dt is increased. The Width of this suitable 
region changes according to the value of the time Dt and may 
even disappear if the time Dt is too long or too short. Further, 
When the temperature of the ink changes due to changes in 
ambient temperature and the like, the ink viscosity also 
changes, changing the suitable region in FIG. 7. Therefore, it 
is necessary to change one or a plurality of the time Dt of step 
D, the time Et of step E, and the voltage Ev of step E to fall 
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Within the suitable range and to maintain ?uctuations of ink 
viscosity Within a ?xed range. Accordingly, it is desirable to 
provide an electric circuit for regulating the values for Dt, Et, 
and Ev and a temperature regulator for maintaining the ink 
viscosity Within the ?xed range so that changes in tempera 
ture or ink viscosity do not cause the set values to fall outside 
the suitable region. 

In the ?rst embodiment, When using a drive voltage Wave 
form in Which the voltage Av in step A is 23.6 V, the time At 
in step A is 0.2 us, the time Bt in step B is 3 us, the time Ct of 
step C is 1 us, the time Dt of step D is 20 us, the voltage Ev in 
step E is 39.4 V, and the time Et of step E is 20 us and ink 
having a viscosity of 10 mPa~s and a surface tension of 31 
mN/m, it is possible to produce the result of the ink droplet 
ejection shoWn in FIG. 5A. Hence, it is possible to reliably 
eject microdroplets of ink at 0.4 pl from a noZZle opening With 
a diameter of 38 um about 1.5 mm from the noZZle at a 
velocity of 7 m/ s. The method of the preferred embodiment 
can also reliably eject a microdroplet of ink at 0.5 pl a distance 
of about 2 mm from the noZZle opening at a speed of 14 m/s. 
The method of the invention can be implemented even With 
out step C, by reducing the time Et of step E. Step C enables 
production of a smaller microcolumn of ink generated in the 
?rst stage. Further, step C makes it possible to increase the 
voltage Ev in step E so that the time Et of step E can be set to 
conform With the Helmholtz oscillation period to reduce 
residual oscillations after ink ejection. It is also possible to 
produce another result of the ink droplet ejection shoWn in 
FIG. 7 by modifying the ink properties. 

Second Embodiment 

Next, a method of ejecting microdroplets of ink according 
to the second embodiment Will be described. FIG. 8 is a graph 
of a drive voltage Waveform applied to the positive electrode 
19 of the pieZoelectric element 17 according to a second 
embodiment of the present invention. In this method, steps A 
through E account for the ?rst stage, and steps F and G 
account for the second stage. The ?rst stage is for forming a 
microdroplet of ink on the outside of the noZZle 14. The 
second stage is for controlling the ink volume velocity in the 
ink pressure chambers 12 to generate an ink column. In the 
?rst stage, the meniscus is draWn into the noZZle in step A, the 
voltage is maintained for a ?xed interval in step B, and the 
meniscus is pushed out in step C to generate an ink column. 
Once again the voltage is maintained for a ?xed interval in 
step D, and the meniscus is draWn back into the noZZle in step 
E to reduce the volume of the ink column being ejected and to 
form a microcolumn of ink (timing (2') of FIG. 5A and timing 
(3') of FIG. 6A). In order to form a microcolumn of ink, it is 
preferable that the time Dt of step D be set no more than about 
4 us. In the second stage, the voltage is maintained for a ?xed 
interval in step F, and ink is pushed out of the noZZle in step G 
to generate an ink column that returns to the noZZle. 

FIGS. 5A and 6A shoW results of the ink droplet ejection 
When applying the drive voltage Waveform shoWn in FIG. 8 to 
the positive electrode 19 of the pieZoelectric element 17. The 
ink microcolumn is generated in the ?rst stage of the second 
embodiment, as shoWn in timing (2') of FIG. 5A or timing (3') 
of FIG. 6A. As time elapses, the tip end of the microcolumn 
separates into a microdroplet 91 of ink, as shoWn in timing (4) 
of FIG. 6A, Which begins to move aWay from the column, as 
shoWn in timing (3) of FIG. 5A or timing (5) of FIG. 6A. At 
this time, the ink column 81 positioned on the noZZle side of 
the microdroplet 80 of ink has a tendency to form into a small 
ink droplet or a plurality of ink droplets including small and 
microdroplets of ink moving aWay from the noZZle. HoWever, 
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an ink column 82 generated in the second stage of the embodi 
ment overtakes the ink column 81 or ink droplets on the 
noZZle side of the initial microdroplet 80, as shoWn in timing 
(4) of FIG. 5A or timing (7) and (8) of FIG. 6A, and draWs the 
ink column 81 or ink droplets back into the noZZle, as shoWn 
in timing (5) of FIG. 5A or timing (9) of FIG. 6A. In this Way, 
it is possible to eject only the microdroplet 80 of ink separated 
from the tip end of the microcolumn of ink, as shoWn in 
timing (6) of FIG. 5A or timing (10) of FIG. 6A. 
By increasing the time Ft for step F to delay the time for 

generating the ink columns 82 and 95 in the second stage or 
by increasing the time Gt and reducing the voltage Gv of step 
G to sloW the volume velocity of the ink columns 82 and 95 
generated in the second stage, it is possible to prevent the ink 
columns 82 and 95 from taking over the microdroplets 80 and 
91 of ink separated from the tip end of the microcolumn 
generated in the ?rst stage. Further, by reducing the time Ft to 
speed up the timing at Which the ink columns 82 and 95 is 
generated in the second stage or by shortening the time Gt and 
increasing the voltage Gv to speed up the volume velocity of 
the ink columns 82 and 95, the ink columns 82 and 95 can 
overtake and merge With the ink column or ink droplets posi 
tioned on the noZZle side of the initial microdroplets 80 and 91 
of ink separated from the tip end of the microcolumn gener 
ated in the ?rst stage and draW this ink column or these ink 
droplets back into the noZZle. The second embodiment 
described above is achieved by setting the time Ft, time Gt, 
and voltage Gv to satisfy both of these conditions. 

The graph in FIG. 9 shoWs the relationship betWeen the 
time Gt and voltage Gv of step G in FIG. 8. If the time Gt is too 
long and/ or the voltage Gv is too small (in region IV), the ink 
columns 82 and 95 generated in the second stage cannot catch 
up to the ink column or ink droplets attempting to folloW the 
microdroplet of ink formed in the ?rst stage and cannot return 
this ink column or these ink droplets to the noZZle. Conse 
quently, the ink column or ink droplets attempting to folloW 
the microdroplet formed in the ?rst stage continue to be 
ejected as small ink droplets. On the other hand, if the time Gt 
is too short and/or the voltage Gv is too large (in regionV), the 
ink columns 82 and 95 generated in the second stage is either 
ejected as a large ink droplet or catches and merges With the 
tip end of the microcolumn generated in the ?rst stage and 
brings the tip back into the noZZle, resulting in no ink droplets 
being ejected. 

The shaded regionVI in FIG. 9 indicates the suitable region 
of the second embodiment. By appropriately setting the time 
Gt and voltage Gv in step G, the tip end of the microcolumn 
of ink generated in the ?rst stage separates as microdroplets 
80 and 91, and the ink columns 82 and 95 generated in the 
second stage catches and merges With the ink column or ink 
droplets on the noZZle side of the initial ink droplets 80 and 91 
and bring this ink column or these ink droplets back into the 
noZZle, thereby achieving the ejection of microdroplets 80 
and 91 of ink. Further, The suitable region VI shoWn in FIG. 
9 Will drop loWer in the graph if the time Ft of step F is 
decreased, and higher in the graph if the time Ft is increased. 
The Width of this suitable region changes according to the 
value of the time Pt and may even disappear if the time Ft is 
too long. 

In the second embodiment, it is possible to reliably eject 
microdroplets of ink at 0.2 pl from a noZZle opening With a 
diameter of 28 um about 1.5 mm from the noZZle opening at 
a velocity of 7 m/ s When using ink having a viscosity of 10 
mPa-s and a surface tension of 31 mN/m. This is achieved by 
applying a drive voltage Waveform in Which the time At in 
step A is 2.8 us, the time Bt in step B is 2.2 us, the voltage Cv 
in step C is 23 V, the time Ct of step C is 2.2 us, the time Dt of 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
step D is 0 us, the time Et of step E is 2 us, the time Ft of step 
F is 0 us, the voltage Gv in step G is 23 V, and the time Gt of 
step G is 2 us. 

Third Embodiment 

Next, a method of ejecting microdroplets of ink according 
to third embodiment of the present invention Will be 
described. FIG. 10 is a graph shoWing a drive voltage Wave 
form applied to the positive electrode 19 of the pieZoelectric 
element 17 according to a third embodiment of the present 
invention. In this method, steps A through C account for the 
?rst stage, and steps D and E account for the second stage. The 
?rst stage is for forming a microdroplet of ink on the outside 
of the noZZle 14. The second stage is for controlling the ink 
volume velocity in the ink pressure chambers 12 to generate 
an ink column. In the ?rst stage, the meniscus is draWn into 
the noZZle in step A, the voltage is maintained for a ?xed 
interval in step B, and the meniscus is pushed out in step C to 
form a narroW ink column. In the second stage, the voltage is 
maintained at a ?xed interval in step D, and ink is pushed out 
through the noZZle in step E to generate an ink column that 
returns into the noZZle. 

FIGS. 5B and 6B shoW results of the ink droplet ejection 
When applying the drive voltage Waveform shoWn in FIG. 10 
to the positive electrode 19 of the pieZoelectric element 17. 
FIGS. 5B and 6B are same results of the ink droplet ejection 
shoWn in FIGS. 5A and 6A other than timings (2') and (3') of 
FIGS. 5A and 6A. The ink microcolumn is generated in the 
?rst stage of the second embodiment, as shoWn in timing (2) 
of FIG. 5B or timing (3) of FIG. 6B. As time elapses, the tip 
end of the microcolumn separates into a microdroplet 91 of 
ink, as shoWn in timing (4) of FIG. 6B, Which begins to move 
aWay from the column, as shoWn in timing (3) of FIG. 5B or 
timing (5) of FIG. 6B. At this time, the ink column 81 posi 
tioned on the noZZle side of the microdroplet 80 of ink has a 
tendency to form into a small ink droplet or a plurality of ink 
droplets including small and microdroplets of ink moving 
aWay from the noZZle. HoWever, an ink column 82 generated 
in the second stage of the embodiment overtakes the ink 
column 81 or ink droplets on the noZZle side of the initial 
microdroplet 80, as shoWn in timing (4) of FIG. 5B or timing 
(7) and (8) of FIG. 6B, and draWs the ink column 81 or ink 
droplets back into the noZZle, as shoWn in timing (5) of FIG. 
5B or timing (9) of FIG. 6B. In this Way, it is possible to eject 
only the microdroplet 80 of ink separated from the tip end of 
the microcolumn of ink, as shoWn in timing (6) of FIG. 5B or 
timing (10) of FIG. 6B. 
By increasing the time Dt for step D to delay the time for 

generating the ink columns 82 and 95 in the second stage or 
by increasing the time Et and reducing the voltage Ev of step 
E to sloW the volume velocity of the ink columns 82 and 95 
generated in the second stage, it is possible to prevent the ink 
columns 82 and 95 from taking over the microdroplets 80 and 
91 of ink separated from the tip end of the microcolumn 
generated in the ?rst stage. Further, by reducing the time Dt to 
speed up the timing at Which the ink columns 82 and 95 is 
generated in the second stage or by shortening the time Et and 
increasing the voltage Ev to speed up the volume velocity of 
the ink columns 82 and 95, the ink columns 82 and 95 can 
overtake and merge With the ink column or ink droplets posi 
tioned on the noZZle side of the initial microdroplets 80 and 91 
of ink separated from the tip end of the microcolumn gener 
ated in the ?rst stage and draW this ink column or these ink 
droplets back into the noZZle. The third embodiment 
described above is achieved by setting the time Dt, time Et, 
and voltage Ev to satisfy both of these conditions. 
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The graph in FIG. 7 also shows the relationship between 
the time Et and the voltage Ev of step E of the third embodi 
ment. As in the ?rst embodiment, the time Et and voltage Ev 
of step E are set to satisfy the suitable region in FIG. 7. 

The suitable region III shoWn in FIG. 7 Will drop loWer in 
the graph if the time Dt of step D is decreased, and higher in 
the graph if the time Dt is increased. The Width of this suitable 
region changes according to the value of the time Dt, com 
pletely disappears if the time Dt is too long, and may disap 
pear if the time Dt is too short. 

Fourth Embodiment 

Next, a method of ejecting microdroplets of ink according 
to forth embodiment of the present invention Will be 
described. In the forth embodiment, a contact angle betWeen 
the ink and the outer surface of the noZZle plate 13 at least in 
region around the noZZles 14 is no more than 30 degrees by 
treating the surface of the noZZles 14 to attract the ink or the 
ink With high Wettability. Since the contact angle is no more 
than 30 degrees, ink pools 55 adhere to the outer surface of the 
noZZle plate 13 around the noZZles 14 as shoWn in FIG. 11. 

FIGS. 11 and 12 are explanatory diagrams illustrating the 
difference in ink behavior depending on the existence of ink 
pools 55 adhering to the surface of the noZZle plate 13 around 
the noZZles 14. FIG. 11 shoWs the case in Which the ink pools 
55 adhere around the noZZles 14, While FIG. 12 shoWs the 
case in Which no ink pools adhere around the noZZles 14. Both 
FIGS. 11 and 12 illustrate the state of ink around the noZZles 
14 When applying only the drive Waveform of the ?rst stage of 
the ?rst embodiment in the present invention. 
As shoWn in timings (1)-(8) of FIGS. 11 and 12, micro 

droplets 50 and 60 of ink formed in the ?rst stage are ejected 
from the center of the meniscus after the meniscus is draWn 
into the noZZle 14 (timings (3) and (4) of FIG. 11 and (3) and 
(4) and FIG. 12). Hence, the microdroplets 50 and 60 are 
ejected regardless of the existence of the ink pools 55 adher 
ing around the noZZles 14. In other Words, the microdroplets 
50 and 60 are almost unaffected by the ink collected around 
the noZZles 14 and are ejected in the same Way Whether the ink 
pools 55 adhere or do not adhere around the noZZles 14. 

HoWever, the behavior of the ink column that folloWs the 
microdroplets 50 and 60 formed in the ?rst stage is quite 
different depending on the existence of the ink pools 55. 
When the ink pools 55 adhere around the noZZles 14, ink is 
supplied to an ink column 51 from the ink collected around 
the noZZle 14, and the viscosity of the collected ink pulls on 
the ink column 51. Accordingly, the ink column 51 is less 
likely to break aWay from the ink on the noZZle 14 side, Which 
Would result in the ink column 51 being less likely to be 
ejected as an ink droplet. 
On the other hand, When the ink pools 55 do not adhere, an 

ink column 61 is more likely to break aWay from the ink on the 
noZZle 14 side and be ejected, as shoWn in timings (6)-(8) of 
FIG. 12. Therefore, the presence of the ink pools 55 expands 
the limit to Which the ink column generated in the second 
stage can return to the noZZle 14 (the expanse of the suitable 
region shoWn in FIGS. 7 and 9). More speci?cally, if timing 
(8) of FIG. 11 shoWs the limit at Which the ink column 51 or 
ink droplets folloWing the initial microdroplet 50 can be 
returned in the second stage When ink pools 55 adhere around 
the noZZles 14, timing (7) of FIG. 12 shoWs the limiting point 
at Which the ink column 61 or ink droplets folloWing the 
initial microdroplet 60 can be returned in the second stage 
When ink pools do not adhere, and the distance from the 
noZZle 14 to the head of the ink column 61 or ink droplet to be 
draWn back into the noZZle 14 is h1 and b2, respectively, then 
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h1>h2, indicating that the ink can be draWn back from a 
farther distance When the ink pools 55 adhere around the 
noZZles 14. Further, more time has elapsed in (8) of FIG. 11 
than in (7) of FIG. 12, indicating that a construction including 
the ink pools 55 can return the ink column and the like after 
more elapsed time. 
As described above, the contact angle betWeen the ink and 

the outer surface of the noZZle plate 13 in region around the 
noZZles 14 is no more than 30 degrees, and ink pools 55 
adhere around the noZZles 14. Therefore, the desired micro 
droplet is ejected Without problem, While the ink column or 
ink droplets emerging after the microdroplet can be returned 
in the second stage. If the contact angle is greater than 30 
degrees, ink pools suitable for the present invention do not 
adhere around the noZZles 14. Speci?cally, if the contact 
angle is too large, a bias may be produced in the ink pool, 
resulting in the ink droplet being ejected at an angle or an 
ejection failure. 
When continuously ejecting ink droplets from the noZZle 

14, the contact angle betWeen the ink and the outer surface of 
the noZZle plate 13 in the region around the noZZles 14 being 
30 degrees or less, ink may gradually seep out and collect to 
an extent that results in ejection problems. To avoid this, a 
barrier Wall 70 may be formed on the outer side of the noZZle 
plate 13 around the noZZle 14, as shoWn in FIGS. 13 and 14. 
In this Way, it is possible to suppress the spreading of ink. 

While the invention has been described in detail With ref 
erence to speci?c embodiments thereof, it Would be apparent 
to those skilled in the art that many modi?cations and varia 
tions may be made therein Without departing from the spirit of 
the invention, the scope of Which is de?ned by the attached 
claims. While the piezoelectric elements in the preferred 
embodiments described above eject ink through displace 
ment orthogonal to the electrode (longitudinal pieZoelectric 
constant d33), the pieZoelectric elements may be a type for 
ejecting ink through displacement parallel to the electrode 
(transverse pieZoelectric constant d31). Additionally, the 
pieZoelectric elements may eject ink through displacement in 
a shear mode or bending mode. 

Further, While microdroplets of ink are ejected according 
to a method of applying pressure through the expansion and 
contraction of pieZoelectric elements in the preferred 
embodiments described above, this ink ejection may be 
achieved through another method using the expansion force 
of bubbles, electrostatic force, or magnetic force. 
The preferred embodiment may also be provided With a 

mechanism for adjusting the time Et or Gt and the drive 
voltage Ev or Gv in FIGS. 4, 8 and 10 in the second stage 
When the viscosity and other properties of the ink change so 
that the values are alWays maintained Within the suitable 
region III or VI in FIGS. 7 and 9. Speci?cally, as indicated by 
broken lines in FIG. 1A, a Waveform table 36 is provided in 
the drive voltage generating circuit 34, and a thermistor 37 is 
provided on the inkjet recording device 30. The Waveform 
table 34 has a plurality of sets of relationship data in one to 
one correspondence With a plurality of different tempera 
tures. One set of relationship data for each temperature 
includes data of ink properties (ink viscosity and other prop 
er‘ties) that the ink Will exhibit at the subject temperature and 
data of a drive voltage Waveform that de?nes the time Et or Gt 
and the magnitude Ev or Gv of the drive voltage that are 
appropriate for the ink at the subject temperature. The ther 
mistor 37 monitors the ink temperature and sends data of the 
ink temperature to the drive voltage generating circuit 34. The 
drive voltage generating circuit 34 selects one drive voltage 
Waveform among the plurality of sets of relationship data 
based on the monitored ink temperature, and outputs the 






